phenylimide with diazomethane, the imide ring was opened with the formation of a dimethyl ester anilide.
In an attempt to hydrogenate the tricarboxylic acid in methanol which contained HCl, hydrogenation did not occur but the substance recovered proved to be a dimethyl ester. In the latter, because of its ease of saponification to the original tricarboxylic acid, the tertiary carboxyl group could not have been involved.
The dimethyl ester, however, now appeared sufficiently stable on heating to permit of its distillation unchanged.
The tricarboxylic acid was dehydrogenated with selenium to a mixture of phenanthrene hydrocarbons from which 1,6-dimethylphenanthrene was separated. If one excludes the unlikely production of a phenanthrene hydrocarbon by ring closure of a naphthalene fragment or the rather improbable conversion of a carboxyl to a methyl group during the dehydrogenation, the production of 1,6-dimethylphenanthrene is of special significance, since it has already been shown that 1-methyl-6-ethylphenanthrene is a dehydrogenation product of atisine (2) . This indicates that in the production of the acid, CzlH290sN, from isoatisine, the oxidation must have involved that portion of the molecule which gave rise to the ethyl group in methylethylphenanthrene.
The probable absence of a double bond in the tricarboxylic acid was indicated by the failure of attempts to hydrogenate it in methanol, in acetic acid, or in methanolic HCI. On such a basis, the formulation requires its tetracyclic character. Other evidence is against its unsaturated tricyclic character. If the latter were the case, the non-basic lactam N atom would be restricted to a side chain. But all attempts to hydrolyze the substance proved futile.
It was recovered unchanged in excellent yield after treatment with 8 N HCI at 150" for 6 hours, after solution in concentrated H,SO, at room temperature for several days, after refluxing in 10 per cent NaOH for 6 hours, after fusion with molten alkali at 300", and after treatment with the methyl Grignard reagent under forcing conditions.
A simple amide linkage would be expected to be opened by such procedures. The observed stability of this linkage may be due to its inclusion in the fourth ring of the tricarboxylic acid, with a steric a,rrangement which is very resistant to cleavage.
An effort was made to determine whether the nitrogen was of secondary or of tertiary character. The substance was treat.ed with bromine in methanolic NaOII under the conditions of the Hofmann degradation but was recovered unchanged.
Similarly unsuccessful were attempts to brominate it in neutral or in acid solution.
Because of the negative outcome of such experiments, the degree of substitution of the lactam nitrogen has not been determined.
It appears certain, however, that the latter does not bear an ethyl group, since the 21 carbon atoms of the substance have been accounted for in the following manner: 16 are present in the 1,8dimethylphenan-threne fragment, 3 in the carboxyl groups, 1 in the lactam group, and 1 in the carbon atom lost during the oxidation of isoatisine to the Cz1H2907N acid. Although the original alkaloid gave about 50 to 60 per cent of the required amount in the N-alkyl determination, oxoisoatisine gave about 35 per cent and the tricarboxylic acid only about 19 per cent of the theoretical for N ethyl (determined as NCH,).
Isoatisine under the conditions of the S-alkyl determinat.ion has previously been shown to yield ethyl iodide together with small amounts of methyl iodide (1.) . But the difficulties which we have encountered in the N-alkyl determinations with this class of substances have made it unsafe to base too much on the results obtained. There is a possibility that if atisine and isoatisine do not possess a simple N-ethyl group, the tertiary N could be contained in two rings in such a way that the source of the ethyl iodide is a two carbon bridge involving the N atom. The loss of two carbon fragments has already been indicated by the conversion of oxoisoatisine with methanolic HCl to an apparent CzoHzsO& derivative and by the production of a CzoH290N compound from atisine by catalytic dehydrogenation under high pressure (1) . But the available data do not permit a final decision as to whether the so called N-et,hyl group is involved in these transformations.
More recently, an apparent loss of a two carbon fragment accompanying partial decarboxylation of the tricarboxylic acid has also been noted. By treatment of the latter with either thionyl chloride or bromine and phosphorus tribromide followed by decomposition with water, a crystalline dicarboxylic acid was produced for which a possible formulation, C~sH2~0&, has been suggested by the analytical data.
The tricarboxylic acid does not appear to be a monosubstituted acetic acid, RCH&OOH, because of the failure to brominate it under the conditions of the Hell-Volhard-Zelinsky method and because of its recovery unchanged when the Hunsdiecker reaction (3), i.e. the action of bromine on its silver salt, was attempted.
Atisine, when oxidized under the same conditions used for isoatisine, yielded a dicarboxylic acid, C21H2,0&V, in very small yield, together with oxalic acid. No oxalic acid was isolated from the oxidation of isoatisine described above. The acid which was separated from the oxidation mixture by the counter-current procedure of Craig (4) showed no basic properties and was therefore of lactam character. It proved to be stable above its melting point and could be sublimed unchanged.
The saponification of its crystalline dimethyl ester to a more resistant monomethyl ester suggests the tertiary character of one of the carboxyl groups. The substance absorbed hydrogen in acetic acid and, although a crystalline product was obtained, its formulation remains uncertain and will be left to a later communication.
Like the tricarboxylic acid from isoatisine, this acid, from its formulation and ability to react with hydrogen, possibly contains four rings.
It did notreactwith hydroxylamineandits absorption spectrum didnotindicatethe presence of a carbonyl group.
By a more drastic oxidative procedure with permanganate, a &Hz,OJV tricarboxylic acid was also obtained from atisine. It was isolated in very small yield by the counter-current procedure. From the facts at hand it is still premature to attempt to suggest definite structures for atisine and isoatisine.
However, the data appear to permit of certain conclusions.
There appears to be present, a pentacyclic structure made up in part of a perhydrophenanthrene nucleus with a methyl group attached to position 1. Fused to this is a bicyclic structure containing the tertiary X atom. One point of attachment of this moiety t,o the perhydrophenanthrene nucleus appears to be at position 6; in isoatisine the hydroxyl groups and the two double bonds of the original alkaloids do not appear to be a part of the perhydrophenanthrene nucleus. One of the hydroxyl groups appears to be of a primary character and the source of a carboxyl group on oxidation. A ring which is outside of the perhydrophenanthrene nucleus and contains a double bond, and perhaps one of the hydroxyl groups, appears t,o be ruptured during the oxidation to the tricarboxylic acid.
EXPERIMENTAL
Tricarboxylic Acid, C21H2s07N, from Isoatisine--5 gm. of isoatisine in 100 cc. of benzene were rapidly stirred with a solution of 1.25 gm. of KaOH in 100 cc. of water and cooled to 10". At this temperature 15 gm. of powdered KMn04 were added during 3 hours. An additional 5 gm. were added and the stirring continued overnight. to complete the oxidation. The benzene was separated by centrifugation and yielded a negligible amount of resinous material. After removal of the MnOz, the aqueous filtrate was strongly acidified with HCl. A doughy mass separated which was reduced to a powder on chilling and collected. After solution in a minimum of hot water and cooling, platelets separated. By concentration two successive fractions were obtained. The total yield was 2.6 gm. It decomposed at 258-261" with gas evolution. Very soon the production of COZ was evident. The temperature was lowered to 120" and the air stream was continued for 30 minutes. Titration with 0.1 N HCl showed that 0.85 equivalent of COZ had been produced. An attempt was made to sublime the residue at 0.05 mm. from a bath at 300" but only 15 mg. of an amber resin were obtained. 100 mg. of the acid when melted and sublimed as rapidly as possible at 320" and 0.05 mm. yielded 35 mg. of a resin, C 62.20, H 7.03. A second experiment gave a resin which yielded C 62.93, H 7.50.
Various methods of fractionation yielded nothing crystalline from such material.
When the resin was dissolved in a large volume of ether and concentrated, an amorphous powder separated.
Analysis showed C 64. 187.3 mg. of the trimethyl ester were heated at 100" in a mixture of 5 CC. of methanol and 13 cc. of 0.157 N XaOH. 0.5 cc. aliquots were withdrawn at intervals and back-titrated with 0.02 N acid. After 5, 30, and 100 minutes, the alkali consumed was 1.89, 2.06, and 2.13 equivalents.
The solution was concentrated to a small volume and acidified.
The resinous mass which separated crystallized on boiling.
After recrystallization from water, 62 mg. of rod-shaped crystals of the monomethyl ester of the acid were obtained, which melted at 210-215'.
[a]: = +1.8" (c = 220 mg. of the monomethyl ester were heated in the apparatus as described above with the tricarboxylic acid itself.
The substance melted at about 200". Since no BaC03 was observed, the temperature was raised to 280" in 15 minutes, at which point a slight precipitate of BaC03 became evident.
Heating was continued at this temperature for 60 minutes as the BaC03 slowly increased.
By tit'ration it was shown that 0.52 M equivalent of COz had been produced.
The residue, when subjected to a sublimation at 280" and 0.05 mm., yielded 70 mg. of a non-crystallizable resin. 209 mg. of the dimethyl ester were heated at 100" with 14 cc. of 0.157 N NaOH. Samples were withdrawn after 5, 15, and 60 minutes and showed the consumption respectively of 2.95, 2.95, and 2.99 equivalents of alkali. After acidification of the mixture the tricarboxylic acid was recovered and melted with decomposition at 260-261".
Aniline Derivatives of Tricarboxylic Acid and Ester-100 mg. of the GH290,N acid were refluxed in 0.5 cc. of freshly distilled aniline for 30 minutes. Cold dilute HCI was added to the mixture and the solid material was collected. It was decomposed with dilute NaOH and the excess aniline was extracted with ether. The alkaline phase was acidified with HCI and the resulting gum was extracted with ethyl acetate. The extract after concentration yielded material which partially crystallized from ethanolwater. After repeated recrystallization from the same solvent, 30 mg. of stout needles were obtained which softened at, 293" and melted at 299-302" with gas evolution. 20 mg. of the aniline derivative were suspended in 2 cc. of methanol and an excess of diazomethane in ether was added. After an hour at room temperature the solvents were removed and the residue was dissolved in ethyl acetate.
The solution was shaken with 5 per cent IC'aOH, dried, and evaporated to dryness.
The residue yielded from dilute methanol 15 mg. of fine needles which melted at 230-235".
After three recrystallizations, the melting point was 235-238".
C29H3806N2.
Calculated Dehydrogenatiun of Tricarboxylic Acid-A mixture of 2 gm. of the acid CzlHzeO$$ and 2.3 gm. of selenium was heated in a tube fitted with an air condenser.
At 260" vigorous gas evolution accompanied. by water condensation was noted.
The temperature was raised to 320" for 7 hours. The ground reaction mass was repeatedly extracted with hot benzene. The benzene solution was shaken in turn with 10 per cent HCI and 5 per cent XaOH.
The former was made alkaline wit,h NaOH and extracted with ether. The latter yielded on concentration 50 mg. of a basic fraction. The l;aOH extract after acidification with IICl yielded a negligible amount of acidic material.
The benzene solution of-the neutral fraction is described below.
The crude basic fraction was chromatographed on alumina (Merck) from benzene. By elution with benzene a zone which showed blue fluorescence under ultraviolet light was obtained. It consisted of 10 mg. of a colorless oil with a quinoline-like odor. The picrate was prepared and, after two recrystallizations from ethanol, 5 mg. of small yellow needles were obtained which melted at 311-316".
Further study of the substance has been deferred because of the amount available. The benzene solution of the neutral fraction when concentrated to dryness yielded 0.51 gm. of a brown tar. This was chromatographed on alumina from benzene. On elution with benzene a band which fluoresced under ultraviolet light emerged and amounted to 0.11 gm. This was rechromatographed on alumina from petroleum ether. Elution with 10 per cent benzene in petroleum ether yielded 50 mg. of a colorless oil which crystallized on chilling. After two recrystallizations from ethanol, 20 mg. of plates were obtained which softened at 90" and melted completely at 105". Since it was an obvious mixture, its further fractionation was studied.
A chromatograph on alumina with petroleum ether as solvent was prepared.
The column was developed and eluted with 1: 10 benzene-petroleum ether. As a broad fluorescing zone emerged, it was divided into two The second fraction yielded crystals which melted at 95-100".
Found, C 93.32, H 6.63
The picrate of the first fraction was prepared and after two recrystallizations from ethanol melted at 140-141".
The hydrocarbon was regenerated 2200 2400 26W 2603 3ooo 3zco 3400 3Fm
from the picrate by passing its ethanol solution through alumina. After recrystallization from ethanol, the hydrocarbon was obtained as plates which melted at 84--88".
The ultraviolet absorption spectrum is shown in Fig. 1. -4 sample of 1,6-dimethylphenanthrene, which was kindly sent to us by Professor R. D. Haworth, melted at 88 90". A mixture of the two melted at 86-88".
The picrate of the purified dehydrogenation hydrocarbon crystallized from ethanol in yellow-orange needles which melted at 142-143".
The melting point of a mixture with the picrate prepared from the authentic 1,6-dimethylphenanthrene was 142-143'. The trinitrobenzene addition product prepared from the hydrocarbons from both sources crystallized from ethanol in pale yellow needles and melted at 163-164'.
No depression in melting point was noted with a mixture of the two substances.
Action of Bromine-Phosphorus Tribromide and of Thionyl Chloride on Tricarboxylic Acid-2 gm. of the tricarboxylic acid were mixed with 1 cc. of bromine, and 0.5 cc. of phosphorus tribromide was added with stirring. After standing overnight at room temperature, t,he mixture was heated on the steam bath for 1 hour and then boiled with 50 cc. of water.
On cooling, a yellow resin formed.
This was recrystallized in portions from water as described below for the thionyl chloride product.
The substance separated as small aggregates of microscopic often triangular leaflets which melted at 220-223". C18H2506N .
Calculated 150 mg. of the substance in methanol were treated with an excess of diazomethane.
After removal of the excess reagent and solvent by concentration the residue was sublimed at 200" and 0.02 mm. 1.30 mg. of a resin were collected which could not be crystallized. CsoH2906N .
Calculated 0.1 gm. of the tricarboxylic acid, when stirred with 1 cc. of purified thionyl chloride for 30 minutes, gradually dissolved.
After warming to 60" for 10 minutes, excess reagent was removed in vacua. The residue was boiled with 1.00 cc. of wat,er and filtered from a yellow gum. The extract was concentrated to about 10 cc., when triangular leaflets separated which mere larger than in the previous case. 30 mg. were collect,ed. They lost birefringence at 200" and melted at 220" with decomposition.
Found.
(a) C 64.11, H 7.97, I'G 3.91 (6) " 64.15, " 7.84 Neutralization equivalent, found 188
Methylation with diazomethane and distillation at 220' and 0.02 mm. yielded a resin which could not be crystallized and closely resembled in properties the ester described above. Found, C G5.78, II 8.39.
Attempted Degradation of Tricarboxylic Acid with Bromine @)--ZOO mg. of the tricarboxylic acid were dissolved in an equivalent of dilute NaOH ACONITE ALKALOIDS. XXI and treated with a solution of 0.27 gm. of silver nitrate in 3 cc. of water with vigorous shaking. The gelatinous silver salt was collected, washed well with water, and then dried in vacua over phosphorus pentoxide.
The resulting 300 mg. were refluxed in 20 cc. of dry carbon tetrachloride and a solut'ion of 0.2, M bromine in t,his solvent was added.
10 cc. were rapidly decolorized.
An additional 10 cc. were added and the heating was continued for 30 minutes.
The solid material was filtered off and the filtrate on evaporation yielded a negligible residue.
The silver salt was decomposed with dilute HCl and in turn shaken with dilute NaOH.
The filtrate from the solid material when acidified with HCI yielded a gum which was collected.
On recrystallization from water 90 mg. of plates were obtained which melted with decomposition at 259-262" and proved in other ways to be unchanged tricarboxylic acid. Dicarboxylic Acid, C2Jl,,0tiV, from Atisine----5 gm. of atisine hydrochloride were stirred rapidly in a mixture of 100 cc. of benzene and 100 cc. of Hz0 which contained 1.25 gm. of NaOH.
The temperature was kept at 10" and 8.6 gm. of KMn04 were added in small portions during 3 hours. The mixture was then allowed to reach room temperature and an additional 9.4 gm. of KMn04 were added in three portions.
By morning the reagent had been completely used up. The aqueous and benzene phases were separated and the latter yielded only 50 mg. of a neutral resin which was discarded.
The aqueous filtrate was acidified with HCl and 3.2 gm. of a resin were collected.
The filtrate from this was concentrated to dryness and the residue was extracted repeatedly with hot ethyl acetate. The latter on slow concentration yielded large crystals.
These were recrystallized from water.
0.23 gm. of oxalic acid dihydrate was obtained. The latter lost crystal water at 105-109" and decomposed with vigorous gas evolution at 195-196" and The 3.2 gm. of resin were subjected to a nine stage count,er-current distribution in separatory funnels with, in each case, 50 cc. of ethyl acetate and 50 CC. of 2 M phosphate buffer (pH 5.9). After the distribution each funnel was made strongly acid with I&S04 and repeat,edly extracted with ethyl acetate.
The material from Funnels 5 and 6 partially crystallized aftJer evaporation of the solvent.
The crystalline material was collected with ethyl acetate and recrystallized from dilute ethanol. 0.2 gm. of rhombs was obtained which melted at 323-326' after preliminary softening at 310". The aqueous phase was then separated. This was heated on the steam bath and an additional 10 gm. of KMn04 were added during 2 hours.
The filtrate from MnOz was acidified with HCI. The filtrate from a small gummy precipitate was extracted three times with 25 cc. portions of ether which on evaporation yielded 1.07 gm. of a syrup.
Continued ether extraction of the aqueous phase for 3 days yielded a mixture of crystals and some syrup.
The crystals were collected with ether. After recrystallization from water 80 mg. of oxalic acid dihydrate were obtained which lost water at 105-109" and melted with decomposition at 195-196'. ACONITE 
ALKALOIDS. XXI
The above 1.07 gm. of syrup were subjected as described above to a nine-stage Craig counter-current distribution between 50 cc. phases of ether and 2 M phosphate buffer (pH 5.3) in separating funnels.
After the distribution each funnel was acidified (pH 3) with phosphoric acid and the aqueous phase was extracted repeatedly with ether.
Each fraction was then examined.
The material from Funnels 4, 5, and 6 partially crystallized on removal of the ether.
That from Funnel 5 was collected with ether and, when recrystallized from ethanol-ether, yielded 15mg. of very small prisms.
The substance softened at 205", then resolidified in a different crystalline form and again melted at 310-315". From Funnels 4 and 6, 25 mg. of the same substance were obtained.
The melting point of a mixture of this substance with t'he above dicarboxylic acid, C21H2906rCT, from atisine showed a definite depression (m.p. 285-293").
[a]: = +39" (c = 1.08 in ethanol) C19HZT0&.
Calculated All analytical data have been obtained by Mr. D. R.igakos of this laboratory.
SIJMMARY
A further study of the oxidation of isoatisine with permanganate has yielded a tricarboxylic acid, &H290TN, which also contains the la&am grouping.
The tertiary charact,er of one of its carboxyl groups has been suggested by the behavior of the methyl esters with alkali.
Dehydrogenation of this acid has yielded 1,6-dimethylphenanthrene which conforms with the production of l-methyl-6ethylphenanthrene from atisine itself. Further study of the oxidation of atisine with permanganate has yielded a dicarboxylic acid, C211&061;, and a tricarboxylic acid, C1J1270&. From the data obtained certain tentative conclusions have been drawn in regard to a number of struct,ural features of atisine. 
